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Summary Recent development of the ultrasonography (US) equipments enables the visualization
of fine detail of the surface structure of the face and neck soft tissue. In this article, some studies
referring to the clinical usefulness of the US in dentistry in the diagnosis of lymph node metastases,
tongue carcinomas, periapical lesions and temporomandibular joint disorders are reviewed. For the
early detection of lymph node metastases, follow-up US is recommended at an interval of no more
than 1 month if a ‘‘wait-and-see’’ policy is adopted. US-elastography has a potential to be a
promising method offering complementary information to conventional US. In order to determine
the appropriate treatment planning of tongue carcinoma (including the prediction of subsequent
lymph node metastases), intraoral US should be routinely used as one of the standard technique for
the evaluation of the depth of tumor invasion. In the diagnosis of periapical lesions, US can provide
useful information about the extent of the lesions and the location of the tooth root apices once the
surface cortical bone around the lesion is eroded. Moreover, US is reported to be useful as an
alternative imaging technique for visualization of disk position, joint effusion and bone abnormali-
ties for the evaluation of temporomandibular joint disorders.
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Clinical application of ultrasonography (US) in dentistry has
been limited to the major salivary gland, cervical lymph
nodes, facial musculature, and surface soft tissues of the
face and the neck. However, in recent years with the devel-
opment of the high-resolution ultrasound equipments,
attempts have been performed in imaging the early tongue
carcinomas, periapical lesions and temporomandibular joint
disorders (TMD). Additionally, newly developed US-elasto-
graphy has been introduced in the diagnosis of lymph node
metastases. In this article, some studies referring to the
clinical usefulness of the US on lymph node metastases,
tongue carcinomas, periapical lesions and TMD are reviewed.
Cervical lymph node metastases
The lymph node staging plays an important role in patients
with head and neck cancer. The N-staging and the localiza-
tion of metastatic lymph nodes are mandatory for the choice
of therapy. However, clinical examinations are unspecific and
do not yield to satisfactory results. Therefore, radiology
plays an important role in staging the lymph nodes in patients
with oral cancer. As diagnostic methods, US, computed
tomography (CT) and magnetic resonance imaging (MRI)
are used. Furthermore, positron emission tomography
(PET) can be performed. Diagnostic reliability of these mod-
alities seems to vary in various reports in the literature. In US,
sensitivity varies between 63% and 97% and specificity
between 69% and 100% [1].
In US examination, a linear transducer with a high fre-
quency around 10 MHz or more should be used. B-mode is
used for the delineation of the shape and internal structure of
the lymph nodes. Transverse and longitudinal planes are
obtained in standard investigation. On US, lymph nodes
are in general depicted as low echogenic oval or round
structures. An echogenic hilum, containing vessels and fat,
is seen as a central area of higher echogeneity. Doppler
sonography is performed for investigation of vessel structures
and vascularity. The value of Doppler US criteria (avascular
pattern, scattered pattern, peripheral vascularity) as an
adjunct to differentiate between benign and metastatic
lymph nodes has been reported [2]. Advantages of US over
other imaging techniques are its price and low patient bur-
den. Furthermore, US is the only available imaging technique
that can be used for frequent routine follow-up.
Of the estimated 800 lymph nodes in the human body, 300
lymph nodes are situated in the neck [2]. Presently, most
clinicians use the classification into six levels as adapted by
the American Academy of Otolaryngology or the 1991 Amer-
ican Academy of Otolaryngology Head and Neck Surgery
(AAO-HNS) guidelines [3], because the majority of patients
with head and neck malignancies presently undergo sectional
imaging prior to treatment planning.
The transverse diameter of lymph nodes varies according
to the different region. In the level 2 (superior internal
jugular nodes), the minimal axial diameter is found out to
be 7—8 mm in reactive lymph nodes and in other levels it is
found out to be 6 mm [4]. In oval-shaped lymph nodes a
hyperechoic linear structure is seen going into the lymph
node. This is the fatty hilum which contains the vesselssupporting the lymph nodes [5]. In benign lymph nodes in
a longitudinal section, these vessels are seen as a linear
structure which is dividing regularly [6].
In general, none of the currently available imaging tech-
niques are able to depict small tumor deposits inside lymph
nodes. The characteristics of metastatic lymph nodes that
can be depicted are increased size, a rounder shape, and
heterogeneity caused by tumor necrosis, keratinization, or
cystic degeneration inside the tumor. Nodal shape is used by
several authors. In general, a round shape is considered more
suspicious than an oval or flat shape. Grouping of lymph nodes
is used as a criterion by several authors as well. Whereas
necrosis or cystic degenerations are very reliable criteria for
lymph node metastases, those are unfortunately not visible
in every metastatic lymph node [7]. As the size of lymph
nodes varies according to the level in the neck and because
small metastatic deposits inside lymph do not always cause
enlargement of a lymph node, it is very difficult to define the
optimal size criteria. The size criteria in the literature may
vary between 5 and 30 mm. The minimal axial diameter is a
better criterion than the maximal axial diameter or the
longitudinal diameter [2].
Friedman et al. [8] found that the axial cut of point should
be about 10 mm, but other groups found out that this dia-
meter of 10 mm is not relevant as even smaller lymph nodes
may be changed by neoplastic infiltration. Because the inci-
dence of exclusively micrometastases in clinically N0 necks
with occult metastases is 25%, we should realize that no
imaging technique can ever reach a sensitivity over 75% [2]. If
the risk of occult metastasis is below 20%, the clinician may
refrain from a neck dissection and adapt a wait-and-see
policy with careful follow-up to detect a neck metastasis
as early as possible. As a risk of 20% of occult metastases is
considered acceptable to observe the neck, the sensitivity of
any imaging technique should be at least around 50% for non-
palpable neck disease so as to detect half of the occult
metastases [2].
In a proposal of the criterion of metastatic lymph nodes
with a minimal axial diameter of 10 mm or less, a higher or
lower density area than surrounding lymphoid tissue caused
by central necrosis of metastatic tumor could be shown
(Fig. 1A and B). Cystic degeneration is interpreted as a focal
hypo/anechoic area and tumor keratinization as a focal
hyperechoic area not in continuity with the hilum [9].
Time-course careful observation of the individual lymph
nodes might show the increase in size, rounder in shape
and more heterogeneous internal echo and the follow-up
US is recommended at an interval of no more than 1 month
[10] (Fig. 1C and D).
US-elastography is a newly developed imaging technique
for the evaluation of tissue elasticity by measuring the
degree of tissue’s deformation in response to the application
of an external force [11,12]. Elasticity is one of the differ-
entiating criteria for metastatic lymph nodes and reactive
ones in accordance with the hypothesis that solid tumor cells
differ in their consistency from adjacent normal tissue [13]
(Fig. 1E and F). Diagnostic use of tissue elastography in breast
cancer, thyroid tumor, and lymph node enlargement in head
and neck cancers has been reported. In our study in patients
with oral cancer, US-elastography showed sensitivity of 92%,
specificity of 86%, and overall accuracy of 88% on a lymph
node basis by using the categorization of US-elastography
Figure 1 A 62-year-old female with gingival carcinoma of the left lower molar region. A; Post-contrast axial CT taken 6 days after the
first visit. A slight swollen left submandibular lymph node is shown (arrow). No apparent sings of necrosis is observed. B; Post-contrast
axial CT taken 33 days after the first visit. The size of the node increases and the focal defect appears within the node (arrowhead). C;
B-mode US of the left submandibular lymph node taken 6 days after the first visit. A faint hyperechoic area with ill-defined margin is
observed within the node (arrowheads). Echogenic hilum is clearly demonstrated (H). Left: longitudinal (sagittal) section, right:
transverse (coronal) section. MB indicates the lower border of the left mandible. D; B-mode US of the left submandibular lymph node
taken 30 days after the first visit. The hyperechoic area increases in size (arrowheads), and the echogenic hilum is altered in shape (H).
E; US-elastography (left) and power Doppler (right) images of the left submandibular lymph node taken 20 days after the first visit,
longitudinal (sagittal) section. On the US-elastography image, almost half of the lymph node section is composed of blue, hard area. An
increased peripheral vascularity is observed on power Doppler US (arrowhead). F; Photomicrograph of the metastatic left subman-
dibular lymph node (Hematoxylin-eosin stain, original magnification 1.2). Note the metastatic tumor with keratinization occupied
the most of the lymph node. (For interpretation of the references to color in this figure legend, the reader is referred to the web version
of the article.)
Application of ultrasonography in dentistry 7pattern [14]. We deem that US-elastography is a promising
method that allows characterization and differentiation of
malignant and benign lymph nodes with a high diagnostic
accuracy offering complementary information to conven-
tional US.
Tongue carcinomas
The precise evaluation of the extent of tongue carcinoma is
essential. Especially, it is mandatory to estimate the depth of
invasion in order to predict the subsequent cervical lymph
node metastases in patients with tongue carcinoma [15—17].Recent literature review article [18] addressed that tumor
thickness, which can be considered as an objective para-
meter of the depth of invasion within the connective tissue, is
a reliable parameter for predicting regional nodal involve-
ment and patient survival in tongue carcinoma. However,
most of the cited studies reported cut-off thickness ranging
from 2 to 5 mm because of the multiple definitions of the
thickness for various tumor shapes. In our study [17], lymph
node metastases were not observed in patients with a tumor
thickness of 5 mm or less, whereas 64% of patients with tumor
thickness of 6 mm or more proved to have subsequent metas-
tasis. For this purpose intraoral US is thought to be more easy
and precise in the evaluation of tumor depth rather than the
Figure 2 A 83-year-old female with tongue carcinoma in her right side. A; B-mode intraoral US of the right lateral margin of the
tongue, coronal section. Tumor is interpreted as a ‘‘thickened’’ mucosal layer, hypoechoic area connecting with surrounding normal
mucosal layer. B; Photomicrograph of the resected specimen at the site of the right lateral margin of the tongue (Hematoxylin-eosin
stain, original magnification 1.2), coronal section. US finding (Fig. 3A) satisfactorily corresponds with tumor invasion. C; Power
Doppler US of the right lateral margin of the tongue, coronal section. Note the marked blood flow signal at the bottom of the
hypoechoic tumor.
8 T. Hayashimost widely used imaging modalities such as CT or MRI
(Fig. 2).
We have been reported the three-layer structure of nor-
mal tongue mucosa, i.e., (1) surface of mucosa, (2) mucosal
layer, (3) submucosal layer and muscle layers demonstrated
on intraoral US [19] (Fig. 3). So, I would like to cite our study
regarding the clinical significance of the sonographic feature
of the three-layer structure for evaluation of tumor invasion
of superficial carcinoma of the tongue. From January 2005 to
September 2006, 8 patients with superficial carcinoma of the
tongue (squamous cell carcinoma, tumor thickness of 5 mm
or less) were enrolled in the study. The patients consisted of 5
males and 3 females and the age ranged from 44 to 71 years,
with a mean age of 63 years. The average duration between
the preoperative intraoral US and the tumor resection was 6
days (range: 2—13 days). Preoperative intraoral US examina-
tion was performed using a small ‘‘hockey stick’’ probe. We
also used an acoustic coupling polymer gel with a thickness of
3 mm or 10 mm in order to obtain fine image quality. A side-
by-side comparison was performed between the sonographic
findings and the histopathological findings. The histopatho-
logical examination was performed on all patients.
As a result of the study, superficial carcinoma was clearly
interpreted as a thickened mucosal layer in every patient on
intraoral US. Additionally, an ill-defined hypoechoic area was
also observed under the thickened mucosal layer. Histopatho-
logically, inflammatory cellular infiltration was observedcorresponding to the hypoechoic area. In some instances,
the blood flow signal was observed at the bottom of the
thickened mucosal layer on power Doppler imaging. We
consider that the blood flow signal at the bottom of the
thickened mucosal layer might be one of the peculiar findings
suggesting superficial carcinoma. In conclusion, the sono-
graphic feature of the three-layer structure of tongue
mucosa demonstrated on intraoral US is useful to estimate
the depth of tumor invasion of superficial carcinoma of the
tongue because the increasing depth of tumor invasion and
the microvascular proliferation caused by neoplastic growth
might determine proximity to blood vessels and lymphatics,
thus facilitating the tumor’s ability to metastasize [18].
Periapical lesions
The use of US in the differential diagnosis of periapical lesions
was introduced by Cotti et al. in 2002 [20] and 2003 [21].
Since then, very few studies have been undertaken to vali-
date their findings. They defined cystic lesion as a hypoechoic
well-contoured cavity filled with fluids with no evidence of
internal vascularity on power Doppler imaging, and granu-
loma as a hyperechoic or mixed hyper- and hypoechoic areas
with a rich vascular supply on power Doppler imaging. Gun-
dappa et al. [22] reported that US demonstrated a high
diagnostic accuracy in the differentiation of periapical gran-
Figure 3 Schematic drawing of the intraoral US of the tongue carcinoma. Note the three-layer structure (surface of mucosa, mucosal
layer, submucosal layer and muscle layers) of the surrounding normal portion.
Application of ultrasonography in dentistry 9ulomas and radicular cysts with a side-by-side comparison
between US and hisopathology. Recent studies suggest that
the Doppler imaging could be promising technique for mon-
itoring the healing of periapical lesions [23—25].
I would like to introduce our study [26] regarding the
clinical significance of US in the evaluation of periapical lesions
by comparing with CT. A control case without periapical lesions
was examined with US and CT to investigate the normal
sonographic anatomy around the tooth roots. A total of 8
periapical lesions of 7 patients were also examined with US
and CT. The patients consisted of 3 males and 4 females, and
age ranged from 16 to 70 years with a mean age of 46.1 years.
US findings of periapical lesions and CT features of cortical
bone were evaluated. An extraoral US examination was per-
formed using a mobile-portable ultrasound equipment, with a
liner probe operating at a frequency of 5—10 MHz.
As a result of the study, US clearly demonstrated the
cortical bone surface with distinct surface echo but failed
to depict the tooth roots in a control subject. In the patients,
periapical lesions were clearly observed on US in all of 4
lesions in which a marked erosion of labial or buccal cortical
bone was demonstrated on CT. The periapical lesions were
interpreted as hypoechoic and tooth root apices were
observed within the lesion. US failed to detect periapical
lesions in two patients without an erosion or a thinning of
cortical bone on CT. It was concluded that once the labial or
buccal cortical bone around the lesion was eroded, US could
provide useful information about the extent of the periapical
lesions and the location of the tooth root apices (Fig. 4A—E).
However, no information about the periapical lesions was
expected with US in case the cortical bone remains intact.
Temporomandibular joint disorders (TMD)
Imaging studies including MRI, which is considered as refer-
ence standard for the visualization of the TMJ, are expectedto provide the information of disk position, joint effusion and
bone abnormalities for the evaluation of TMD. Recent review
article [27] concluded that US is useful as an alternative
imaging technique for monitoring TMD despite of the inher-
ent operator-dependent characteristics and the lack of stan-
dardization of technique.
Disk position
The main disadvantage of US was inability of the ultrasound
to penetrate bone, therefore it appeared difficult to visualize
the articular disk when it was placed between two hard tissue
structures (i.e. normal disk position). According to the
above-mentioned review article [27], diagnostic accuracy
of US in detection of disk displacement ranged from 62%
to 100%, sensitivity and specificity ranged from 31% to 100%
and from 30% to 100%. Specificity was higher than sensitivity
in most papers because of high number of false-negative
results and some false-positive results. Some studies had
stressed the impossibility of visualizing the articular disk,
and image interpretation was not standardized because the
definition of the disk varied in different studies, thus some
authors proposed the indirect signs of disk displacement. In
our study [28], the lateral capsule-condyle distance was
proposed as a landmark of disk displacement. We theorize
that a widened distance between the articular capsule and
mandibular condyle in lateral portion of the TMJ might
mainly result from the interposition of a displaced disk
between them (Fig. 5). In the asymptomatic elementary
school subjects, US revealed a sensitivity of 83%, a specificity
of 96%, and an accuracy of 92% compared with our MRI and CT
standard of reference if a distance of 4 mm or more between
the lateral capsule-condyle distance identifying disk displa-
cement was accepted. However, uncertainty was addressed
anatomically because a displaced disk might enlarge the
lateral joint capsule only if displacement occurs in the
Figure 4 A 50-year-old male with a chief complaint of gingival swelling of right upper incisor region. A; Intraoral X-ray of the
upper right incisor-canine region. Note a well-demarcated radiolucent lesion with well-defined margin involving the apex of the
right upper lateral incisor (arrow). B; Intraoral X-ray of the upper left incisor-canine region. Note a well-demarcated radiolucent
lesion with ill-defined margin involving the apex of the left upper lateral incisor. C; Transverse scan of CTat the level of the apex of
the upper incisor in a bone display window. A well-demarcated lesion with marked cortical bone resorption is shown around the root
apex of right upper lateral incisor (white arrowhead). The labial and lingual cortex of the lesion is thinned and expanded, and the
bone density is interrupted (white arrow). A well-demarcated lesion with bone resorption is shown around the root apex of left
upper lateral incisor (black arrowhead). The labial cortex of the lesion is thinned and expanded, and the bone density is focally
interrupted (black arrow). D; Power Doppler US of the upper right incisor-canine region. A well-demarcated hypoechoic lesion
(white arrow) with marked labio-lingual expansion is shown around the root apex of right upper lateral incisor (white arrowhead). A
surface echo of cortical bone is focally interrupted by the lesion. Note the peripheral vascularity around the labial and lingual
margin of the lesion (black arrowhead). E; Power Doppler US of the upper left incisor-canine region. A well-demarcated hypoechoic
lesion (white arrow) with slight labial expansion is shown around the root apex of left upper lateral incisor (white arrowhead). A
surface echo of cortical bone is focally interrupted by the lesion. Note the scattered vascularity inside the lesion (black
arrowhead).
10 T. Hayashiantero-lateral direction or associated effusion was pre-
sent. Although the standardization of the examination
and interobserver calibration were required, establish-
ment of the protocol for the TMJ-US was considered to
be difficult. Most studies had adapted an imaging protocol
to evaluate the antero-superior joint compartment inaxial, coronal and oblique sagittal planes with the probe
placed over the skin surface of the TMJ. The need to tilt
the probe to achieve the best view and the lack of vali-
dated anatomical structure, which should help to improve
the reproducibility of the examination, makes US an opera-
tor-dependent technique.
Figure 5 A 48-year-old female with a chief complaint of mouth
opening restriction and tenderness around the temporomandibular
joint. A; Transverse (axial) sonography of the bilateral temporo-
mandibular joint in a closed mouth position. Note the widened
distance (thickness of 4 mm) between the articular capsule (AC)
and mandibular condyle (MC) in lateral portion of right temporo-
mandibular joint comparing with the left side (thickness of 2 mm).
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US had been widely used to detect effusion in many muscu-
loskeletal areas by depicting the presence of intraarticular
fluids in larger joints [29]. In TMJ, there might be consensus
that the presence of joint effusion was detected by direct
visualization of a hypoechoic area within the articular cap-
sule or by an indirect measurement of the capsular disten-
tion, which was taken as the distance between lateral surface
of the mandibular condyle and the articular capsule (Fig. 5).
According to the review article [27], diagnostic accuracy of
US in assessing the presence of joint effusion compared with
MRI ranged from 72% to 95%, sensitivity and specificity ranged
from 71% to 85% and from 67% to 100%. Manfredini et al. [30]
reported a study taking the 2 mm or more capsular width as
the threshold to discriminate between the presence or
absence of effusion found an 85% sensitivity and 67% speci-
ficity in patients with TMD and rheumatisms. It was specu-
lated that the standardization of the parameters adapted to
detect effusion, i.e., distance between lateral condylar sur-
face and the articular capsule, appeared to be easier to
achieve with respect to disk displacement evaluation. How-
ever, the significance of the detection of the effusion
remained unclear because of the lack of evidence whether
effusion can be a reliable indicator of intraarticular pathol-
ogy or not.
Bone abnormalities
Many medical data suggested that US assessment of bone
pathologies was less accurate than that for soft tissues. In
TMJ, US diagnosis of condylar erosion was commonly based on
an interruption of the echogenity of the cortical surface. TheAlthough the anterior border of the anteriorly displaced disk (D)
can be depicted vaguely, echogenity of the disk is not distin-
guishable from surrounding hypoechoic intracapsular contents
including joint effusion. B; Axial T1-weighted MRI in a closed
mouth position. AC indicates the articular capsule, MC indicates
the mandibular condyle and D indicates the anteriorly displaced
disk and arrowhead indicates the erosive osseous change of the
mandibular condyle. C; Parasagittal proton density-weighted
MRI of the bilateral temporomandibular joint in a closed mouth
position. In the right side, the articular disk shows anterior
displacement with respect to the mandibular condyle. Note
the distention of the joint space caused by joint effusion (JE).
In the left side, the articular disk shows normal superior position
with respect to the mandibular condyle. MC indicates the man-
dibular condyle and PD indicates the posterior band of the
articular disk. D; Longitudinal (coronal) sonography of the bilat-
eral temporomandibular joint in a closed mouth position. Note
the widened distance between the articular capsule (AC) and
mandibular condyle (MC) in the lateral portion of right tempo-
romandibular joint comparing with the left side. Arrowhead
indicates the interruption of the cortical surface echo caused
by erosive osseous change of the mandibular condyle. E; Para-
coronal proton density-weighted MRI of the bilateral temporo-
mandibular joint in a closed mouth position. Note the distention
of the joint space and erosive osseous change of the mandibular
condyle (arrowhead) in the right side. AC indicates the articular
capsule and MC indicates the mandibular condyle.
12 T. Hayashimedial aspect of the condyle could hardly be depicted
because of the limited acoustic window composed of bony
structures. On the contrary, osteophyte formation and con-
dylar erosion were more commonly seen in the anterior or
lateral aspects of the condyle and thus US might easily depict
those bone abnormalities (Fig. 5). According to the review
article [27], diagnostic accuracy of US in assessing the pre-
sence of condylar abnormalities compared with MRI ranged
from 56% to 94%, sensitivity and specificity ranged from 67%
to 94% and from 26% to 100%. Rudisch et al. [31] showed that
condylar erosion was detected using US with a sensitivity of
95%, specificity of 90% and accuracy of 93% compared with
autopsy specimens. These data constituted a representative
insight to the potentiality of US to assess bone abnormalities
of the TMJ. However, clinicians should aware that the intrab-
ony crucial pathology of the condyle like a bone marrow
edema might be overlooked using US alone.
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